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© Therapeutic compositions. 



© A therapeutic comnposition comprises a combination of therapeutic agents whose effect is not substantially 
less than the sum of the separate therapeutic effects of the agents, each agent being present in an amount 
which will not result in an unacceptable side effect on a recipient, and the side effects of at least some of the 
agents are different from those of others of the agents. 
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"THERAPEUTIC COMPOSITIONS" 

This invention relates to therapeutic compositions, and in particular embodiments to compositions which 
are effective against virus and bacteria! infections, against ceil replication and against protein synthesis in 
tumour explants. 

With reference to antiviral compositions, since viruses are obligate intracellular parasites, effective 
s antiviral agents must operate within the body cells to prevent or reduce virus replication, it is in most cases 
desirable that these agents should not be toxic to the ceils as this will produce unacceptable side effects in 
a subject It is a problem that a number of agents for which an antiviral effect can be demonstrated in in 
vitro cell systems in a laboratory have no significant therapeutic effect when used in corresponding dose$ in 
vivo in human subjects, and an increase of the dosage to leveis which will produce an antiviral effect results 
w in unwanted side effects in these subjects. 

Simiiariy. agents against bacterial infection may have little or no effect when used singly in doses which 
have no undesirable side effects. Furthermore, agents which will inhibit replaciation of ceils, or protein 
synthesis in tumours, may need to be used in doses which result in such side effects, in order to provide 
the required inhibition. 

is it is an object of this invention to provide therepeutic compositions in which the foregoing problems are 

overcome. 

According to the invention a therapeutic composition comprises a combination of therapeutic agents 
each of which is present in an amount which will not result in an unacceptable side effect on a recipient and 
■ in which the side effects of at least some of said agents are different from those of others of the agents, and « 
20 in which the combined therapeutic effect of said agents is not substantially less than the sum of their 
separate therapeutic effects. 

Exampies of the invention wiii now be described with respect to: 

(i) the effect of seven therapeutic agents against herpes simplex type 1, 

(ii) the effect of four therapeutic agents against staphylococcus aureus, 
25 {iit}) the effects of four therapeutic agents against Candida albicans, 

(iv) the effects of four therapeutic agents on replication of oncogenic cells, and 

(v) the effects of the four agents of [III) above on protein synthesis in tumour explants. 
Tables 1 to 11 relate to the effects of antiviral agents against herpes simplex type 1. 

Table 1 identifies five of these antiviral agents and shows their concentrations M (miilimo!) used in 
jo obtaining the values shown in Tables 2 to 8. 

Experimental test results R are shown in Tables 2 to 1 1, in which:- 
R is logic (virus titre in biand medium - virus litre in presence of therapeutic agent) 
X is the arithmetic mean of results R 
N is number of tests carried out 
35 SE is standard error SD/ where SD is the standard deviation 
C is the coefficient of variance, corresponding to 100SD/X. 

The test results were obtained as follows. Monolayers of baby hamster kidney cells BHK 21 
(McPherson and Stoker 1962) were prepared and infected with five plaque-forming units per cell of Type 1 
Herpes Simplex Virus. The virus inoculum was removed after one hour, the ceil sheets washed three times 
40 and 3 mi of fresh medium added, this fresh medium containing one or more of the therapeutic agents listed 
in Table 1 ( namely lithium succinate, zinc sulphate, ascorbic acid, acetyl salicylic acid and indomethacin, 
the concentrations of these components being indicated in Table 1. The cell sheets were then mcubated for 
16 hours following which the media were removed, the cell sheet resuspended in 1 ml of sterile water, 
disrupted by ultrasonic vibration and titrated for virus activity. The effect of each antiviral agent, either singly 
45 or in combination, was calculated by subtraction of the virus titre following incubation of the agent or agents, 
from the virus titre when the cultures were incubated in medium containmg no antiviral agent. 

Tabte 2 shows the antiviral effects of the agents and concentrations listed in Table t, used singly and in 
all combinations. 

It wilt be seen from this tabJe that the antiviral effect of the five agents is cumulative, whether used 
so singly or in any combination of up to five, and that the combined use of all five agents resulted in a highly 
significant reduction in virus titre of over 1000 fold. It is also clear that the combination of acetyi salicylic 
aad and mdornethacin had a synergistic effect in that when used in combination they gave a significantly 
greater reduction in virus titre than the sum of the reduction in virus titre resulting from use of those two 
agents independently (Tables 3-8). 

Table 3 shews test results R obtained irorn acetyi salicylic acid A and indomenthacin I when used 
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s,ng,y and m combination (AH. A sum (A + I) of the separate values is included for comparison w i+ h the 
results of the combination (Ai). In Table 3 the h.ghest values of A and i have been summed and the lowest 
values have also been summed to maximise the variance in A + ! prior to comparison with Ai 

In each of Tables 4-8 each value is derived from a series of replicate testings and is a compound mean 

s of aadnional data which is available for statistical analysis. Each of Tables 4-8 show test results from acetyl 
salicylic acia A and mdomethacm I with one or mere additional antiviral agents. Table 4 shows results with 
one add.tional agent, Tables 5-/ show results with two additional agents and Table 8 results obtained with 
three additional agents. In Tables 4-8 where two agents are shown in conjunction this indicates that a 
combination of these agents was introduced to a culture medium. A plus sign indicates that test results from 

>o a single agent or combination are to be added. It will be seen, for example from Table 5 that the 
combination LZAt has considerably greater antiviral effect than the sum of those agents listed in that fabte 

Table 9 shows test results R obtained with the five agents listed in Table 1 toqather with a sixth agent 
bone acid <B>, the concentrations of each of the six agents being below that which would be expected to 
produce significant antiviral effect It will be seen that the log,,, reduction in virus titre obtained from a 

rs combination (L2CAIB) of these agents was greater than their predicted additive effect (L+Z + C^-A-l 
+ B). Table 10 shows results obtained with the above six agents used at half the concentrations shown in 
Table 9 in this case also the reduction in virus titre resulting from the combination was greater than the 
predicted additive effect. 

Table 11 shows tests results R of log, 0 reduction in virus titre for lithium succinate (L) and an additional 
20 antiviral agent acycloguanosin (Zo> which is commercially available under the name Zovirax from the 
Wellcome Drug Company. In this table the concentrations of lithium are in millimo! and the concentrations 
or acycloguanosin are in mg/ml. 

Table 12 shows a comparison between the concentrations in plasma of the seven antiviral aaents 
d 1S cussed above, for values 0 of those agents at a usual dosage level; values T which would normally be 

25 expected to result in a toxic side effect, and the levels E used in the experiemnts associated with Tables 9 
to 11. It wilt be seen that the concentrations used in experiemnts 9 to 11 are either significantly below the 
toxic levels or, in the case of boric acid, at the lower end of the toxic level Values of D and T are not qiven 
for vitamin C since that substance is not detectably toxic at any level. The toxic level of acycloguanosin is 
shown as being greater than 0.005 mg/ml. but it is not at present clear what that level is It will be seen 

do rom Table 1 1 that the levels of acycloguanosin used in tests were in every case lower than the lowest toxic 
level. In a significant number of the combinations shown in Table 1 1 the antiviral effect of the combination 
LZo was not substantially less than the sum of the separate agents. "" 
ft is envisaged that patients with, lor example, primary or recurrent herpes genitalis may be treated bv 
adminstration of combinations of such antiviral agents. The dosage of each agent will be such as to produce 

35 a level m the recipient's blood which, while not therapeutic on its own. will be therapeutic in combination 
wth other agent or agents, and will therefore produce a significant therapeutic effect without side effect in 
- the patient. 

By way of example a patient would be given a combination of lithium succinate, zinc sulphate acetyl 
salicylic acid, mdomethacm and vitamin C. each in non-toxic doses sufficient to obtain a significant antiviral 
jo effect both in vitro and in vivo. 

Tables 13 to 17 relate to the effects of antibacterial agents against staphylococcus aureus 
TaDle 13 identifies the four agents tested and shows their concentrations M in mMoi or mass/ml as 
appropriate. Experimental results are shown in Tables 13 to 16 in which: "*"' 
B is log :c (reduction in bacterial replication with agent used smgiy) 
J5 R c is logic (reduction in bacterial replication with indicated combinations of agents) 

Staphylococcus aureus, strain Bate, was used in these experiments. Drugs were added to appropriate 
concentrations in .nutrient broth containing approximately 10* micro-organisms which was then incubated for 
six hours at 37" C on a shaker. The replication of organisms in the presence of various combination* of 
drugs was compared to the replication in control nutrient broth cultures; the results have been expressed a* 
50 the logarithmic reduction (Log, o) in bacterial replication in cultures in the presence of drug compared to 
cultures in nutrient broth controls. ' 

The inhibitory effect of the four drugs used in dual combinations ,s shown Table 14 when cyclohex- 
-m.de. beryllium sulphate and benzyl penicillin were combined, there was a Significant mh.bit.on of 
replication when these drugs were used singly with the exception of anthraquinone which was used at a 
55 concentration wh.ch gave significant inhibition of replication when used singly. Therefore while mere was 
ev.dence of additiveness when anthraquinone was added to beryllium sulphate or benzyl penicillin the 
experiment was repeated using anthraquinone at a lower concentration, namely 0 6mg ml (Table 151 Druo 
combinations without anthraquinone were excluded in this latter experiment. There was evidence o< 
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significant inhibition of bacterial replication when anthraquinone was used in combination with berullium 
sulphate or in combination with benzyl panic; Win with no significant inhibition of bacterial replication when 
these three drugs were used singly, it was interesting that m both experiments there was no additive effect 
on bacterial replication when cycioheximide was combined with anthraquinone (Tabies 14 and 15). 

5 The combinative effect of these drugs used in triple or quadruple combination is shown in Table 16. 

There was evidence of additiveness with every triple and quadruple combination but as anthraquinone 
singly gave a significant inhibition of bacterial replication it was necessary again to re-expiore these tests 
using anthraquinone at the reduced concentration 0.6mg;m^ (Table 17). (Once again, combinations without 
anthraquinone were excluded). There was evidence of significant bacterial replication using the triple 

to combination of anthraquinone, beryllium sulphate and benzyl penicillin and the quadruple combtnation of ail 
four drugs while there was no significant inhibition of bacterial replication by any of these drugs used singly, 
Again it was interesting that the cycioheximide seemed in certain circumstances to be even inhibitory rather 
than additive as the duai combination of beryllium sulphate and benzyl penicillin gave a lesser effect when 
used with cycioheximide ^Tabte 16) than when used in the absence of cyclohexamide (Table 14). 

75 In summary these data provide evidence that certain drugs, which, when used singly, will not 
significantly inhibit bacterial replication, will significantly inhibit bacterial replication when used in dual, triple 
or quadruple combination. 

Tables 18 and 19 relate to the effects of the same drugs as used in the preceding experlemnts, in this 
case against replication of Candida albicans. Table 18 identifies the concentrations used for these 
20 experiments and Table 18 shows the results R and Re for the drugs used singly and in a quadruple 
combination. It will be seen that there was a notable inhibition of replication of Candida albicans when all 
four drugs were, used ^. combination- However, as beryllium suiphate did give a significant but smaller 
inhibition of replication, this experiment was repeated using Sower concentrations of cycioheximide and 
beryllium sulphate. 

25 Tables 20 to 22 relate to the effects of four drugs on replication of oncogenic cells, Table 20 showing 
the drugs and their concentrations M. Tabies 2\ and 22 show the experimental results R and Rc for the 
drugs when used in single, double, triple or quadruple combinations, 

Saby hamster kidney cells, a semi-continuous line of ceils were used in these experiments 
{Macpherson and Stoker, Virology {19B2) T 147-151). Monolayers of ceils were prepared by seeding 5*10* 

jo cells in plastic Petri dishes and incubating overnight in supplemented Eagles medium containing. 10% calf 
serum and 10% tryptose phosphate broth at 3?°C in a humidified incubator. The four drugs were then 
added to appropriate concentrations in the medium and cell replication measured over a period of 48 hours 
following which the medium was removed, the ceils harvested with trypsin-versene and counted in a cell 
counting chamber, inhibition of cell replication was measured by calculating (Log-.c) reduction in cell counts 

35 from monolayers which had been incubated with drugs compared to monolayers which had been incubated 
in control medium. 

When these drugs were used in dual combination, a significant inhibition of cell replication was noted 
wfth most drug combinations with the eception of anthraquinone combined with 5-ftuorouracii or beryllium 
(Table 21). When these drugs were used in triple and quadruple combination (Table 22), there was a 
40 striking inhibition of cell replication by all triple and quadruple drug combinations with the exception of the 
triple combination of cycioheximide, 5-fluorouracil and anthraquinone where inhibition of cell replication did 
not reach levels of statistical significance. In these studies there was a suggestion of synergism in every 
triple and quadruple combination in that the effect of these combinations was significantly higher than their 
expected combined effect (Table 22). 
45 In summary there was evidence that dual, single or quadruple combinations of these drugs would 

significantly inhibit celt replication in situations where each drug used singly did not inhibit cell replication. 

Tables 23 and 24 relate to the effects of the four drugs used in the preceding experiment in inhibiting 
protein synthesis in tumour expjants. Table 23 showing the concentrations of these drugs. Experimental 
- results are shown in Table 24 in which: 
so R is logio (reduction in TCA precipttabfe counts in response to a drug used singly) 

Rc is logic (reduction in TCA precipitable counts in resonse to duai combinations of the drugs* 
It should be noted that the first set of results for Cy and F were obtained in a separate experiment from 
that used to obtain the rest of the data in this table, it will also be noted that in the second set of results for 
Cy and F the combination was not tested. 
55 Tumour explants made irom sarcomata induced in hamsters by inoculation of BHK-21 cells 

(Macpherson and Stoker 1962) were established in organ culture as described by Cowan et at, British 
Journal of Experimental Pathology (1382) at 125-132 and 472-478. Following 24 hours in culture in varying 
concentrations and combinations of the drugs, approximately 25a Ci of 25 S methionine were added to each 
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explant culture whtch was then incubated for 72 hours- Inhibition of protein synthesis was measured by 
calculating the logarithm reduction (Loq:g) in trichloroacetic acid (TCA) preapitable counts in the presence 
of the drug from the number of TCA precspitabie counts in tumour explants thai had --been incorporated into 
explants in control medium. 

The concentration of drugs used in these experiments ts shown in Table 23. There was inhibition of 
protein synthesis by duaf combinations of the four drugs ranging from a log^ reduction of 0.12 for the 
combination of cycioheximide and anthraquinone to a logio reduction of 0.32 for cycioheximide and 
beryllium sulphate (Table 24). 

Explant sample were analysed by poiyacrylamide gel electrophoresis; these are shown for the drug 
combinations anthraquinone and cyctohexirrvde or anthraquinone and beryllium sulphate in Figure 1 There 
was a decrease in the number of protein bands and in the number of synthesised protein bands when the 
drugs were used in combination while there was no significant difference from control explants when these 
drugs were used singly. There was therefore a difference in both the continuance of preformed proteins and 
of newly-synthesised protein when these drugs were used in dual combination. 

Though the foregoing examples relate to antiviral and antibacterial agents, and to agents for inhibiting 
cef! replication or protein synthesis, it is to be understood that combrnafions of other therapeutrc agents, in 
which the concentration of each agent is below a toxic \eve\ and in which the side effects of at least some 
of the agents differ from the effects of others in the combination, may be expected to have a cumulative 
therapeutic effect. Such combinations may also be used therapueticaiiy against conditions which are not or 
are not nscessanly attributable to infection. 

M 

(millimol) 



lithium succinate L 1.5 

zinc sulphate Z 0.1 

ascorbic acicl C 2.5 
(Vitamin C) 

acetyl salicylic acid A 1,0 

indomethacin I 0,2 
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Claims 

1 . A therapeutic composition comprising a combination of therapeutic agents each of which is present 
in an amount which will not result in an unacceptable side effect on a recipient and in which the side effects 
of at least some of the agents are different from those of others of the agents, and in which the therapeutic 
effect of the combination is not substantially less than the sum of the separate therapeutic effects of the 
agents. 

2. A composition as datrned in Ciarm 1 in which each said agent is an antiviral agent 

3. A composition as claimed in Cta*m 2 in which each said agent is effective against herpes simplex 
virus. 

4. A composition as claimed in Claim 3 in which said agents are selected from the group consisting of 
lithium succinate, z'mc sulphate, ascorbic acid, acetyl salicylic acid, indomethadn, acycioguanosine and 
bone aacL 

5. A composition as claimed in Claim 4 in which said agents are lithium, zinc sutpnate, acetylsaiicyhc 
acid and indomethacim 

6. A composition as claimed sn Claim 5 which additionally comprises ascorbic acid and boric acid, 

7. A composition as claimed in Claim 1 in which each said agent is an anibacteriai agent 

8. A composition as claimed in Claim 1 in which each satd agent inhibits replication of cells. 

9-. A composition as claimed in Claim 1 *n which said agents in combination inhibit celt protein 
synrhesis. 

10, A compesiton as claimed in Claim 1 in which at least one of said agents has no detectable 
therapeutic effect and in which the combination of said one agent with one or more other agents has a 
therapeutic effect greater than that of the sum of the separate therapeutic affects of said other agent or 
agents. 
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